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Objective: We aimed to investigate risk factors associated with more rapid growth of abdominal aortic aneurysms
(AAA) <50 mm (small AAAs) in Japan.
Methods:We retrospectively investigated the clinical data of 374 patients with small AAAs (maximum diameter, #50 mm)
who were referred to The University of Tokyo Hospital, Tokyo Medical University Hospital, or Saitama Medical Center,
between 1995 and 2008.
Results: A total of 374 patients (321 men and 53 women) were followed up for a median of 66 months. The median
diameter on initial examination was 40 mm, and the median growth rate of the AAAs was 2.1 mm/y. The growth rate of
AAAs with an initial diameter $45 mm was signiﬁcantly greater than those with an initial diameter <45 mm (3.3 mm/y
vs 2.0 mm/y, respectively; P [ .007). The growth rate of AAAs was signiﬁcantly greater in patients with hypertension
than in those without (2.3 mm/y vs 1.7 mm/y, respectively; P [ .006) and in patients with a family history of aortic
aneurysm than in those without (4.2 mm/y vs 2.0 mm/y, respectively; P [ .009). Logistic regression analysis revealed
that a large initial diameter and family history of aortic aneurysm were independent predictors of accelerated growth rate
of small AAAs in Japan.
Conclusions: In the present study, a large initial diameter and family history of aortic aneurysmwere independent risk factors
for more rapid growth of small AAAs. Although few studies have reported similar ﬁndings thus far, family history of aortic
aneurysm should be carefully considered during follow-up of patients with small AAAs. (J Vasc Surg 2015;61:287-90.)In the management of abdominal aortic aneurysms
(AAAs) in our institutions, elective repair is considered
when the maximum diameter of a fusiform AAA is
>50 mm. However, in cases of a fusiform AAA with a
maximum diameter of <50 mm (small AAA), surveillance
imaging is performed every 3 to 12 months. Better insight
into risk factors for rapid growth of small AAAs may lead to
improvements in follow-up efﬁciency. The growth rate of
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://dx.doi.org/10.1016/j.jvs.2014.07.007such as female sex or current smoking, have also been
reported as independent risk factors for more rapid growth
of AAAs.1-5 The aim of this study was to investigate risk
factors for more rapid growth of small AAAs in Japan.
METHODS
The ethical committees of The University of Tokyo
Hospital, Tokyo Medical University Hospital, and Saitama
Medical Center approved this study.
Patients. We retrospectively investigated the clinical
data of 374 patients with a fusiform AAA <50 mm in the
initial maximum diameter. The study excluded patients
with infectious or saccular AAAs or connective tissue
diseases, including Marfan syndrome or Ehlers-Danlos
syndrome. Patients were referred to The University of
Tokyo Hospital, Tokyo Medical University Hospital, or
Saitama Medical Center, Japan, between 1995 and 2008.
All patients had been examined by undergoing at least
two AAA diameter measurements with the same imaging
modality and were followed up for at least 6 months before
the AAA diameter exceeded 50 mm. Many of these AAAs
were asymptomatic and incidentally found, although some
were accompanied by complaints of a pulsatile mass.287
Fig 1. The distribution of the initial diameter by sex.
Fig 2. The association between the initial diameter of the
abdominal aortic aneurysm (AAA) and the growth rate. The hor-
izontal line in the middle of each box indicates the median; the top
and bottom borders of the box mark the 75th and 25th percentiles,
respectively, and the whiskers mark the 90th and 10th percentiles.
aP < .05 by the Mann-Whitney rank sum test.
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for anonymous participation in observational studies.
Measurement of AAA diameter. The maximum
diameter was measured by ultrasound (US) imaging or
computed tomography (CT). In axial slices, AAAs were
frequently observed as elliptic shapes because of their
meandering growth; therefore, we deﬁned “diameter” as
the length of the minor axis.
Calculation of growth rate and data analyses. In
237 patients who had been examined by CT at least twice,
we used only those diameters measured by CT to calculate
growth rate, regardless of whether the patients had been
examined by US imaging. However, in 137 patients who
had never been examined by CT or had been examined
only once by CT, we used only those diameters measured
by US imaging.
In previous studies, the growth rate of AAAs has most
often been calculated by linear regression analysis, and we
also adopted a linear regression analysis in the present study.
However, Brady et al1 pointed out the upward bias imposed
by using linear regression analysis. To reduce the inﬂuence
of this upward bias, we excluded the data of diameters
>50 mm when calculating the growth rate, although in
some patients the measurement of the AAA diameter had
been continued after the diameter was >50 mm. Excluding
the data of diameters >50 mm in analyzing the growth rate
of small AAAs, the aim of this study, also makes sense.
We calculated the association between growth rate and
patient characteristics, including the AAA initial diameter,
with univariate analyses using the Mann-Whitney rank
sum test. Factors with a P value of < .1 in the univariate
analyses were entered into a logistic regression model.
Patient characteristics included sex, age, initial AAA
diameter, family history of aortic aneurysm, deﬁned as a
ﬁrst-degree family history of abdominal or thoracic aortic
aneurysm, and comorbidities such as medical history of
hypertension, hyperlipidemia, diabetes, coronary arterial dis-
ease, cerebrovascular disease, or chronic obstructive pulmo-
nary disease. The data are expressed as medians with
interquartile ranges (IQRs).RESULTS
Patient characteristics. The median age of the
patients at the ﬁrst visit was 74 years (IQR, 67-79 years),
and 86% were male. The median follow-up period was66 months (IQR, 40-82 months), and the median initial
diameter of the AAAs was 40 mm (IQR, 35-42 mm). The
distribution of the initial diameters is shown in Fig 1.
The median growth rate of the AAAs was 2.1 mm/y (IQR,
0.7-3.7 mm/y). Sufﬁcient data on current smoking status
and history of previous smoking were not available.
Association between the initial AAA diameter and
the growth rate. The mean growth rate of AAAs with
an initial diameter of $45 mm was signiﬁcantly greater
than that of AAAs of <45 mm (3.3 mm/y vs 2.0 mm/y;
P ¼ .007). The association between the initial AAA
diameter and the growth rate is shown in Fig 2.
Univariate analyses. The result of univariate analyses
calculating the association between patient characteristics
and the growth rate is reported Table I. The imaging
modality did not signiﬁcantly inﬂuence the AAA growth
rate. Although age and sex did not signiﬁcantly inﬂuence
the AAA growth rate, presence of hypertension and a
family history of aortic aneurysm were associated with a
signiﬁcantly accelerated growth rate in the univariate
analysis. Table II summarizes the comparison between nine
patients with a family history and 365 patients without.
There were no signiﬁcant differences in initial diameter and
proportion of patients with a medical history of hyperten-
sion (Fisher exact tests).
Logistic regression analysis. Three factorsdinitial
diameter, family history of aortic aneurysm, and presence
of hypertensiondwere entered into the logistic regression
model. As reported in Table III, a large initial diameter
and a family history of aortic aneurysm were independent
predictors of an accelerated growth rate of small AAAs.DISCUSSION
The UK Small Aneurysm Trial and the Aneurysm
Detection and Management Veterans Affairs Cooperative
Table II. Comparison between nine patients with family
history of aortic aneurysm and 365 patients withouta
Variablesb
Family history þ
(n ¼ 9)
Family history 
(n ¼ 365) P value
Growth rate, mm/y 4.2 (3.1-4.3) 2.0 (0.5-3.6) .009
Initial diameter, mm 38 (34-44) 40 (35-43) .93
Gender 1.00
Male 8 316
Female 1 49
Age, years 70 (64-75) 74 (67-79) .26
Medical history
Hypertension 7 219 .49
Hyperlipemia 5 87 .04
Diabetes 2 54 .63
CAD 5 82 .04
CVD 2 64 .66
COPD 1 30 .55
CAD, Coronary arterial disease; CVD, cerebrovascular disease; COPD,
chronic obstructive pulmonary disease.
aFisher exact test.
bContinuous data are expressed as median (interquartile range [IQR]) and
categoric data as number.
Table III. Result of logistic regression analysis
Variable OR (95% CI) P value
Initial diameter 5.39 (2.58-11.7) <.0001
History of hypertension 1.50 (0.93-2.44) .10
Family history 11.1 (2.69-76.3) .0005
CI, Conﬁdence interval; OR, odds ratio.
Table I. Association between the patient characteristics
and the growth rate in univariate analysisa
Variable Patients, No.
Growth rate (mm/y),
median (IQR) P value
Imaging modality .62
CT 237 2.1 (0.8-3.4)
US 137 2.3 (1.1-3.7)
Gender .75
Male 321 2.0 (0.5-3.8)
Female 53 2.3 (1.0-3.5)
Age, years NS
<60 26 2.0 (0.4-3.6)
60-69 94 2.2 (0.8-3.6)
70-79 175 2.2 (0.9-4.0)
$80 79 1.6 (0-3.3)
Family history .009
Yes 9 4.2 (3.1-4.3)
No 365 2.0 (0.5-3.6)
Medical history
Hypertension .006
Yes 226 2.3 (1.0-4.0)
No 148 1.7 (0-3.3)
Hyperlipidemia .11
Yes 92 2.3 (1.0-4.0)
No 282 2.0 (0.4-3.5)
Diabetes .42
Yes 56 1.7 (0.5-3.2)
No 318 2.1 (0.7-3.7)
CAD .22
Yes 87 2.2 (1.3-4.0)
No 287 2.0 (0.4-3.6)
CVD .60
Yes 66 2.3 (0.8-3.6)
No 308 2.0 (0.5-3.7)
COPD .45
Yes 31 2.3 (1.0-4.0)
No 343 2.0 (0.5-3.6)
CAD, Coronary arterial disease; COPD, chronic obstructive pulmonary
disease; CT, computed tomography; CVD, cerebrovascular disease; NS, not
signiﬁcant; IQR, interquartile range; US, ultrasound.
aMann-Whitney rank sum test.
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AAAs <55 mm does not improve survival compared with
US surveillance.6-8 On one hand, Brady et al1 reported
that screening intervals of 36, 24, 12, and 3 months for
AAAs of 35, 40, 45, and 50 mm, respectively, restricted
the probability of breaching the 55-mm limit at rescreening
to <1%.1 On the other hand, Brown et al9 reported that
ruptured AAAs had signiﬁcantly higher mean expansion
rates than nonruptured AAAs. Hence, understanding the
risk factors for rapid AAA growth in the management of
small AAAs is still important. Brady et al1 reported that
the AAA growth rate was faster for current smokers (P <
.001). Several other studies also reported that current
smoking was associated with an accelerated AAA growth
rate.2-4 In addition, female sex has been reported as an in-
dependent risk factor for AAA rapid growth.5,10
Although many studies analyzing AAA growth rate
have been reported, few investigators have analyzed the
relationship between AAA growth and family history ofaortic aneurysm. In the present study, large initial diam-
eter and family history of aortic aneurysm were indepen-
dent risk factors for accelerated growth rate of small
AAAs. Family history of aortic aneurysm in particular is
worth emphasizing, because few studies have reported
family history of aortic aneurysm in analyzing the growth
rate of AAAs.
Since the familial tendency of AAAs was ﬁrst described
in 1977,11 several studies have reported a familial clustering
of AAA.12-14 Larsson et al15 analyzed the risk of developing
an AAA for ﬁrst-degree relatives of patients with AAA in
Sweden and concluded that the relative risk of developing
AAA for ﬁrst-degree relatives of individuals diagnosed with
AAA was approximately double that of individuals with no
family history.15
Genetic factors as well as environmental factors,
including atherosclerosis, are important in understanding
the pathogenesis and pathophysiology of AAA. Moreover,
the results of this study indicated that genetic factors play a
role in the mechanism of AAA growth.
We should acknowledge at least three limitations of the
present study: the number of patients with a family history
of aortic aneurysm was small, smoking was not included in
analysis, and this study was retrospective in design. Despite
these limitations, we believe that the factor of “family his-
tory of aortic aneurysm” is indispensable in future studies
of AAA growth rate.
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Family history of aortic aneurysm is an independent risk
factor for accelerated growth rate of small AAAs in Japan.
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